With the increasing demand for high speed reliable communications, smart antennas, such as the Butler Matrix array, can be used to develop a system that increases the performance of a wireless system. The Butler matrix is a switched beam array system which can produce orthogonal uniform beams. The main objective is to improve the efficiency of the power in a 90-degree bend. Also, the double-mitered bend is particularly interesting since it provides a substantially lower reflection coefficient and a lower value of S 12 at a frequency of 2.4 GHz compared to an unmitered one. Therefore, this paper describes an optimum design using a double-mitered method with a 2 × 2 and a 4 × 4 Butler Matrix array, operating at 2.4 GHz which is used in wireless systems with an FR4 substrate.
Int. J. Communications, Network and System Sciences of a beamforming network [3] and is widely used in smart antennas [4] . The
Butler-Matrix network has N ports that are functionally divided into N inputs and N outputs and can be described by an N × N scattering matrix [5] [6] [7] .
Butler matrices consist of several elements to transmit the power from several inputs to different outputs at the antennas. The signal can be electronically controlled only by changing the phase structure which is inside the Butler matrix.
More specifically, the power transferred through microstrip lines needs to be optimum to assure that it reaches to the ends of antennas. Moreover, the effects of microstrip discontinuities on circuit performance become more critical at higher frequencies, especially in bending areas and cause power significantly to drop [8] . However, the main objective of this paper is to optimize the bending area to minimize power losses and to improve the efficiency of power in 90 degrees bending in case of S parameter. Therefore, the optimum mitered technique is used to investigate S parameters, power flow, and VSWR of 2 × 2 and 4 × 4 Butler matrices. Moreover, the distance between antennas is changed to investigate the effect of distance on the beam direction and the magnitude of the power.
Results show that the optimum power can be transmitted through a transmission line, since optimum S 12 , S 21 , and VSWR are achieved. This paper is organized as follows. In Section 2, materials and methods are described. In Section 3, simulation results are shown to assess the validity of the proposed approach. Finally, conclusions are drawn in Section 4.
Materials and Methods

Discontinuities and Bends
Designing 90-degree bends for transmission lines in a Butler-Matrix causes discontinuities near the bend. In the region of discontinuities, the wide line varies as the transition discontinuities change in the microstrip line. Consequently, these discontinuities will affect the power passing through the microstrip line, in the structure of the Butler matrix. Hence, to yield optimum transmission, different methods such as right-angled corners are required.
Maintaining the Integrity of the Specifications
In the right-angled corner, the capacitance value increases and the area around the microstrip line will be charged; it will effectively act as a capacitance. Due to charge accumulation, particularly at the outer corner of a bend, an excess capacitance is created, while current interruptions rise because of the excessive inductances [9] . Figure 1 shows a right-angled bend and its equivalent circuit [10] .
Mitered Bends
It has been demonstrated that the mitered has a better figure of merit than unmitered in terms of the S11 (the reflected power at the transmitter) parameter at a 2.45-GHz operating frequency [11] [12] [13] . It should be considered that connecting the different elements of the Butler matrix causes the radiation of Int. J. Communications, Network and System Sciences The double-mitered case is particularly interesting, since it provides a substantially low reflection coefficient over the frequency range of 22 -38 GHz [16] .
An optimum result to connect the hybrid and patch antenna is formed by a single mitered. Therefore, the optimum mitered is computed formulas described in [14] .
To achieve better S-parameter coefficients, some parts of the microstrip line are added to the corner of a single mitered. It has been indicated that a mitered bend produces a performance at least as good as than curved bends at least up to a frequency of about 10 GHz. This applies to a wide range of bend angles, from 30˚ up to 120˚ [16] [17].
Calculation of Initial Optimum Mitered Bend
The value of the capacitance of the optimal mitered is less than the unmitered. Therefore, the reflection coefficient is enhanced. To determine the value of h (height of substrate), the following values for different parameters are used at operating frequency of 2.4 GHz [18] : 
Results
In this section, the results for the design of butler matrices are presented in two cases: 2 × 2 Butler matrix and 4 × 4 Butler matrix.
2 × 2 Butler Matrices
To implement and design a 2-Port Butler Matrix, a hybrid coupler, two patch antennas and two micro strips transmission lines are required to connect the Hybrid and patch antenna to each other. Therefore, the optimum mitered bend in the transmission line is used to increase the S 21 .
To design 90 degrees bending, the method of optimum mitered bend is utilized. Thus, the zero-phase shifter is required to connect the hybrid coupler and the patch antenna to each other, as shown in As it can be seen in Figure 4 , the VSWR is about 1 at 2.4 GHz which demonstrates the optimum ratio of the maximum voltage to minimum voltage is achieved.
The S parameter magnitude and VSWR at the design frequency of 2 × 2 Butler matrix are shown in Figure 10 and Figure 11 , respectively. Table 1 . To design 4 × 4 Butler matrices, a connection between the hybrid coupler and cross over with a zero-phase shifter with optimum power is required. Consequently, the phase shifter plays an important role in this case, and a double miter is used to get an optimum result for the S parameter, as shown in Figures 18-31 . The maximum power can be transmitted or received using optimum mitered method of 4 × 4 Butler matrices, since the values of S12 and S21 are about zero dB at the operated frequency 2.4 GHz (see Figure 19) . The VSWR is a measure of how efficiently radio-frequency power is transmitted from a power source, through a transmission line, into a load. This value is about 1 which shows an efficient power will be transmitted through the transmission line (see Figure 21) .
4 × 4 Butler Matrices
The optimum mitered technique used for 45 degrees phase shifter connection line between two Hybrids of 4 × 4 Butler matrix (see Figure 28) . The values of S12 and S21 are about zero dB at the operated frequency 2.4 GHz (see Figure  29) .
As shown in the results, isolation between adjacent beams is provided and different phase of radiation pattern are evaluated. Also, the narrow horizontal beam width capability is also achieved. Int. J. Communications, Network and System Sciences 
Conclusion
This paper aims to optimize the bending area and to minimize power losses in
Butler matrix network. In order to get an optimum power, the efficiency of power at the 90-degree bend in case enhances both the reflection and transmission coefficients. Therefore, a planar design, including the simulation and implementation of a transmission line with a 90-degree bend, 45 degrees phase shifter, zero phase shifter connection between patch, a hybrid coupler and a cross-over using a microstrip antenna array with Butler beam forming network Int. J. Communications, Network and System Sciences for wireless applications is presented for operation at 2.45 GHz. A linear antenna array is designed using the Computer Simulation Technology (CST) software.
The beamforming feeder network is designed using an N × N Butler matrix, and realized using quadrature hybrids, phase shifters and crossover circuits. For simulation procedures, the main elements such as the patch antenna, hybrid, and cross-over are designed. Finally, the Butler matrix feed network is simulated and optimized to achieve the required parameters at 2.4 GHz.
